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Introduction
Vascular rings are a rare disease of large vascular trunks and their branches account for 0.7-1.3% of congenital heart diseases [1] . A right aortic arch with a left arterial ligament is the second most common vascular ring causing compression on the trachea and the esophagus in children. This form of vascular ring is less likely related to symptoms and they occur at an older age in comparison to the most frequent form of the ring -a double aortic arch [2] . In some patients with right aortic arch and left arterial ligament the left subclavian artery originates from the Kommerell's diverticulum and passes behind the esophagus and is known as a lusorian artery. This relation of vessels accounts for 6% of aortic arch anomalies, which reflects 0.042% of all cardiovascular malformations in children [1] . Kommerell's diverticulum may be an additional, and independent from the left subclavian artery, structure compressing the trachea and the esophagus [3, 4] . Prenatal diagnosis of positional anomalies of the aortic arch may suggest the presence of a vascular ring, which requires further detailed study after childbirth [5] .
Case report
A 2-year old girl was admitted to the Department of Pediatric Cardiac Surgery of the Pomeranian Traumatology Center in Gdansk with prenatally diagnosed congenital heart disease in the form of a vascular ring with the right aortic arch and symptoms of compression of organs encircled by the ring -breathing disorder, suspicion of tracheomalacia, recurrent upper and lower respiratory tract infections and severe dysphagia. The child remained under the care of a pediatric reference center, where conservative therapy was continued with the use of bronchodilators and the need of feeding with small amounts of mixed semi-liquid fluids. Imaging studies (echocardiography, angio-CT) performed at the age of 2 years confirmed the presence of the vascular ring as suggested earlier, consisting of the right aortic arch and left subclavian artery with retroesophageal course originating from the Kommerell's diverticulum to the left of the right aortic arch and arterial ligament between the Kommerell's diverticulum and the left pulmonary artery (Figures 1 and 2 ). The girl was qualified for immediate surgery to release the vascular ring. Because of the declared left-F Fi ig g. . 1 1. . Computed tomography of the child's chest showing right aortic arch with visible retroeso phageal left subclavian artery (lusorian artery) and the Kommerell's diverticulum (arrow). The esophagus is compressed by the Kommerell's diverticulum (completely closed in this projection) and the trachea has signs of cartilage malacia F Fi ig g. . 2 2. . Three-dimensional reconstruction of the heart and right aortic arch with side branches -the Kommerell's diverticulum (black arrow), left subclavian artery originating from the Kommerell's diverticulum (a vessel running up), left common carotid artery originating from the ascending aorta (white arrow) F Fi ig g. . 3 3. . Intra-operatively detected pulling up of the Kommerell's diverticulum by filled left subclavian artery, which was additionally increasing the compression on the esophagus (almost closed) and the trachea F Fi ig g. . 4 4. . Diagnostic heart catheterization performed 3 weeks after release of the vascular ring and reconstruction of the brachiocephalic trunk in a child with right aortic arch. Arrows show a normal inflow to the left subclavian artery from the reconstructed brachiocephalic trunk handedness and the patient's age, a decision was made to reconstruct the arterial supply to the left upper extremity from the aorta with transposition of arteries to the anatomically correct left side to fully cure the patient and to avoid growth retardation and ensure normal quality of life of the child. The area of vessels forming the vascular ring consisting of the Kommerell's diverticulum compressing the esophagus and the trachea and the arterial ligament connecting the left pulmonary artery to the diverticulum was approached through the left postero-lateral thoracotomy. Pulling up of the Kommerell's diverticulum by the filled left subclavian artery was confirmed; it was further increasing the pressure on the esophagus (almost completely closed) and the trachea. The arterial ligament stretching between the Kommerell's diverticulum and the left pulmonary artery was dissected, ligated and then separated and sutured on both sides, which released the pressure on the esophagus. Signs of cartilage malacia of the trachea at the side of the ligament were macroscopically confirmed after the ligament separation. The left common carotid artery was identified and a decision to reconstruct the brachiocephalic trunk in this variant was made (as the first brain-supplying vessel originating from the ascending aorta). The lusorian artery was cut off the Kommerell's diverticulum and the diverticulum was additionally released by its diffused dissection from the esophagus and the peri-vertebral area to obtain displacement of the diverticulum to the right. Subsequently, the left subclavian artery was anastomosed with the left common carotid artery originating from the right aortic arch by an end-to-side method. Lymphorrhea occurred in the postoperative course; it was probably related to the broad dissection of the posterior mediastinum during the procedure. A left pleural drainage was installed and treatment with somatostatin was started with complete parenteral nutrition followed by low-fat restricted diet, which led to cessation of symptoms after 5 days [6] . The girl was discharged home in improved clinical condition with diminishing symptoms of dysphagia. A control diagnostic heart catheterization after 3 weeks confirmed the normal inflow to the left subclavian artery from the re con structed brachiocephalic trunk without signs of compression on the trachea or the esophagus (Figure 4) . Respiratory symptoms and dysphagia resolved completely, bronchodilators were discontinued and the child returned to a normal diet without any restrictions or signs of dysphagia.
Discussion
Kommerell's diverticulum is an embryologic remnant of the fourth arterial arch -left in the case of the right aortic arch, or right in the case of the left aortic arch [7] . This vessel was described for the first time in 1936 by Kommerell [8] , a pioneer of the in vivo diagnosis of vascular rings by means of barium esophagography. In patients with a right aortic arch the Kommerell's diverticulum is often the origin of the left subclavian artery and arterial duct (or after its closure -the arterial ligament), which together form a vascular ring. Patients with vascular rings may present various clinical symptoms ranging from severe forms of dysphagia and respiratory disorders with malacia of the tracheal cartilages present already in neonates to completely asymptomatic adults. Vascular rings may be diagnosed early by prenatal echocardiography, but it is impossible to determine the severity of the disease at this stage. Therefore it is important to combine the prenatal diagnostics and postnatal imaging diagnostics to qualify the child for surgery, before the onset of secondary and severe complications such as tracheomalacia and dilation of the esophagus [5, 9] . The value of barium esophagography is currently smaller and preferred studies include magnetic resonance imaging and computed tomography [4, 10] . These studies permit a threedimensional image reconstruction of vascular anomalies and comparison of severity of compression of the organs encircled by the ring with clinical symptoms. An echocardiographic examination of the vascular rings has only supplementary value in planning of the cardio-surgical interventions, indicates the presence of anomalies of the aortic arch and is useful in assessment of concomitant heart diseases. The first description of surgical treatment of vascular rings was presented by Gross [11] . A classic approach to surgical treatment of vascular rings in the form of the right aortic arch with the left arterial ligament consists of separation of the arterial ligament with release of fibers compressing the esophagus and the trachea [12] . In case of significant compression on the esophagus caused by the retroesophageal subclavian artery it was recommended to cut it proximally to the aorta and secure both ends. After surgery blood flow to the upper left extremity depended completely on collateral circulation, which often led to its hypoplasia and stealing syndrome from the cerebral circulation. Therefore currently some authors recommend cutting the lusorian artery off and connecting it to the common carotid artery as the primary surgical approach [3, 4, 10, 13] . According to our knowledge, in the world literature there have been reported 32 such operations in children during the last 15 years [3, 4, 13, 14] . In the present case, with the described anatomical variant, isolated dissection of the arterial ligament might not have been, in our opinion, sufficient. According to data from the literature, this management leads to recurrences of compression symptoms [3, 13] , which is evidently caused by the retroesophageal lusorian artery and dilation of the remnant Kommerell's diverticulum. Cutting off the subclavian artery without its reimplantation might have increased the risk of the stealing syndrome to the subclavian artery. The patient's age was another non-negligible factor for the development of collateral circulation in the extremity without an inflow from the subclavian artery, which in consequence might have led to impaired function of this extremity. In the present case the child was left-handed, so preservation of the normal function of the dominant upper extremity was, in our opinion, extremely important for the general child's performance in the future. Control imaging studies, functional improvement and subjective feeling of undisturbed swallowing and breathing confirm the good effect of treatment and effectiveness of the chosen strategy despite relatively late qualification for the procedure. Despite the good final effect of the treatment confirmed by imaging studies and clinical improvement, a patient with a symptomatic vascular ring should be referred for surgical treatment at the time of diagnosis. Prenatal diagnosis of the positional anomalies of the aortic arch should suggest the presence of a vascular ring, but without a doubt requires an additional diagnostic work-up after childbirth, because early surgical treatment prevents the onset of life-threatening symptoms of compression.
